THE ductus arteriosus is a fcetal vascular structure which during intra-uterine life forms a wide channel of communication between the pulmonary artery and the distal part of the arch of the aorta. It conveys venous blood from the right side of the heart to the aorta thus by-passing the non-functioning lungs. At birth, when the lungs expand, the right and left pulmonary arteries assume their full function and the ductus arteriosus like the foramen ovale closes. Such closure which is functional at first is facilitated by the spiral arrangement of the muscle in the ductal wall (von Hayek, 1935) producing a torsional effect as the muscle contracts. Subsequent anatomical obliteration by subendothelial cicatrization, whereby the ductus is changed to the non-patent ligramentum arteriosus, is more gradual but closure is usually complete by the end of the first post-natal month. If for any reason the ductus remains open, then a shunt or arteriovenous fistula is established between the aorta and the pulmonary artery. Because of -the higher pressure in the aorta as compared with the pulmonary artery blood flows from the former to the latter. Thus, as much as 50% or more of the left ventricular output may be directed through a patent ductus on a futile journey through the lungs. Several effects follow:
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(1) Intrapulmonary pressure is increased, the branches of the pulmonary artery dilate and the lungs become more vascular than normal. Slides of teleradiograms, illustrate these features, the enlarged pulmonary artery showing as a bulge between the arch of the aorta and the ventricular mass. Teleradiograms taken after operation show marked modification and a return to normality in the heart and lung shadows.
(2) Right ventricle hypertrophies in response to increased pulmonary pressure.
(3) Volume of blood getting past ductal opening into descending aorta during each ventricular contraction is small and there is a characteristic low diastolic pressure. Slides of anesthetic charts show that the pre-operative low diastolic pressure and high pulse pressure are transformed to normal by successful obliteration of the shunt. The marked rise of diastolic pressure sometimes appeared to be initiated by the actual handling of the ductus during its dissection and the placing of the ligatures. In other cases there was no change until the abrupt rise in pressure which immediately followed the occlusion by ligation. It may be mentioned that oxygenation in the patient with a simple patent -ductus is usually adequate and cyanosis is not a feature unless some other congenital defect such as pulmonary stenosis is co-existent. Violent exercise or prolonged crying AUG.-ANJESTH. 1 Proceedings of the Royal Society of Medicine 34 may create a rise in pulmonary pressure sufficient to cause a temporary reversal of flow in the ductus and cyanosis in consequence (Abbott) . During anresthesia the high pulse pressure may rise and the diastolic pressure fall owing to vasodilation and an increase in cross-section area of the peripheral vascular bed.
Two categories of patients may be presented for operation. First, young children, 4 to 12 years or so with simple, uninfected patent ductus, showing lack of physical development and early signs of congestive heart failure. -Operation to terminate the abnormalitv and prevent if possible the more serious complication of bacterial endarteritis is considered justifiable. Secondly, young subjects in their teens who have led a fairly normal life until infection has occurred. Toxxemia, septic emboli in the lungs, and some degree of congestive heart failure make this latter group very poor risks frQm the anresthetic point of view but surgical treatment is the only hope for such patients and the successful results reported by Tubbs, Touroff, and others justify the risk. It is important that the anaesthetist should appreciate the surgeon's problems. Slides of the anatomy of the operation field show the relations -of the great vessels, the left phrenic and left recurrent laryngeal nerves, and the left bronchus, to a patent ductus. They indicate also the difficulties of the surgical procedure especially those due to a very short, wide ductus and to adhesions. Nerve trauma resulting in diaphragmatic and vocal cord paralysis may occur but the most serious danger is hiemorrhage during the separation and isolation of the ductus particularly from behind and below where it may be adherent to the bronchus. If the ductus is infected and friable this danger is much greater. For this reason a slow intravenous blood drip is advisable in order that replacement can be made immediately should serious hzemorrhage occur. The anaesthetist must maintain a close watch on such a drip not only to ensure that it is ready against any emergency but also in order to see that in the uneventful case the patient does not get too much, because it must be remembered that when the ductus is occluded the volume of blood passing into the aortic distribution will be much augmented almost as if the patient had given himself a transfusion. The series of cases with which I have been associated dates from October 1940 and I should like here to acknowledge the debt I owe to the physician and surgeons concerned, Dr. Rae Gilchrist, Sir John Fraser, Bt., and Mr. Walter Mercer, for permission to use their records in the preparation of this paper. The experience was a limited one embracing 21 ligations, the operation being performed twice on one patient. In only three cases was infection present. Aneesthesia for the uninfected and younger subjects presented little difficulty. It is familiar knowledge that children tolerate thoracotomv much better than older subjects and exhibit a remarkable resiliency in recovery so much so that Gross gets his young patients up in 24 hours and ambulatory in three davs. The more ill patients, viz. those with infection present, were in a somewhat critical condition during operation. Their physical state which is bad to begin with may deteriorate rapidly during the operation. Adequate oxygenation may be difficult because of patchy areas of consolidation-in the lungs as a result of emboli coming from the infected vessels.
Although the management of the anzesthesia for this operation is not essentially difficult it must be of such a quality that the surgeon gets maximum assistance in his delicate manipulations. Thus the quietest respiration consistent with good oxygenation must be maintained. A high oxygen content helps oxygenation by continuous diffusion into the alveoli when respiratory excursion is reduced. Quiet breathing will also minimize mediastinal movement. -If necessary, controlled or assisted respiration may be employed if anoxemia threltens. It is advantageous to make use of as much of the lung on the open side as possible so long as the surgical procedure is not hampered. Cyclopropane has been employed almost entirely in this series with satisfactory results. In the cases performed by Gross of Boston and Jones of Los Angeles cyclopropane has also been the agent preferred. The use of a tracheal tube is not essential but is a comforting safeguard against mechanical obstruction of the airway.
Cardiac arrhythmia is sometimes seen. This may arise as a result of excessive or prolonged retractor pressure on the mediastinum and can be corrected by stoppage of the operation for several minutes. Deep cyclopropane ancesthesia may also cause arrhythmia particularly if the anaesthetist fails to prevent anoxsemia by assisting the patient's respiration in good time.
Complete deflation especially under prolonged pack or retractor pressure sometimes makes for difficulty in re-expanding the lung. Jones interrupts the operation in order that the anesthetist may re-inflate the lung for a few seconds every ten minutes. This is a definite aid in facilitating the final re-expansion at the end of the operation and of mitigating post-operative pulmonary complications.
The technique of rePexpanding the lung at the conclusion of the operation merits careful attention. The use of positive pressure through a tracheal tube is not entirely satisfactory. Apart from the )ossibility of driving mucus downwards into the ultimate bronchioles with the risk of blocking them there may also be produced trauma by the injudicious use of pressure and a disturbance of circulatory dynamics from mediastinal movement during the manceuvre. The induction of negative pressure in the pleural cavity after closure of the chest wall is preferable. This may be done by means of a stiff catheter passed through the wound and secured bv a purse-string suture which provides good closure when the catheter is withdrawn. Air may be exhausted by means of a pneumothorax apparatus.
The pathological and surgical aspects of patent ductus arteriosus may appear to have received predominant attention in this paper but one feels that a very adequate knowledge of those factors must accompany even the highest degree of technical skill on the part of the anesthetist if the high standard of success which is possible in the surgical treatment of this condition is to be achieved.
Mr. 0. S. Tubbs said that he had operated upon 14 cases of patent ductus arteriosus, 11 of which were complicated by infection. Cyclopropane had been used in the first 13, but the most recent case had been anesthetized with ether and oxygen given through a closed circuit. The change of agent had been made because extreme tachycardia ( > 200) had occurred in two patients when using cyclopropane; the tachycardia was clearly due to the anaesthetic as it appeared before the operation had proceeded further than the skin incision. The case in which ether was employed was exceedingly ill due to superimposed infection (no radial pulse or registrable blood-pressure was present) and yet withstood the operation remarkably well. In view of this experience .and similar satisfactory results using ether for pericardiectomy, the speaker favoured ether for cardiac surgery including ligation of the patent ductus.
He was surprised that no rise in diastolic pressure had been noted at the time of ligation of the ductus in the opener's series as it had almost invariably been obvious in his own cases. The opener's recommendation of an "intravenous drip" so as to be prepared for severe accidental haemorrhage was endorsed, provided it was realized that these patients almost certainly ha.d an increased blood volume so that the amount of intravenous fluid should be kept to an absolute minimum if no such hemorrhage occurred.
Preparation of the Diabetic Patient for Operation By GEORGE GRAHAM, M.D.
BEFORE the introduction of insulin in 1923 very few operations were performed on diabetic patients. Nowadays diabetes is in no wise a contra-indication for any operation provided that (1) a physician is at hand who knows how to look-after these uatients; (2) adequate facilities are available for estimation of the blood sugar, &c.; (3) the best aneesthetic is chosen and given by a good anatsthetist; and (4) that the operation is well and quickly done.
That is, if all the conditions are ideal, the risk of operation is very little more than in the case of the non-diabetic of equal age. It is important to make certain that the diagnosis is corr6ct. The presence of glycosuria does not necessarily prove that the patient has diabetes since he may have a low threshold to the kidney and a normal sugar tolerance.
The an-esthetic is very important and a local or spinal an-aesthetic causes least disturbance. Gas and oxygen is the next best provided -sufficient oxygen is given to prevent any cyanosis since the blood sugar is always raised by cyanosis. The intravenous aniaesthetics, pentothal and evipan, come next and I have seen no ill-effect from these. Ether which may be necessary to get complete relaxation with gas and oxygen does raise
